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1.0  INTRODUCTION 
 
This Corrective Action Plan (CAP) is being submitted for 81 Food Mart, UST Permit 
#12458, located at 1119 Cherokee Ave, Gaffney, South Carolina and Fast & Fresh 3, 
UST Permit #09530, located at 1502 East Greenville Street, Anderson, Anderson 
County, South Carolina (hereafter referred to as “the site” or “the facility”).  The 
preparation of this CAP was authorized in Purchase Order (PO) #4600577312 for the 
release reported on November 10, 1992. This scope of work is being conducted for the 
South Carolina Department of Health and Environmental Control (SCDHEC).   
 
This section outlines the purpose and content organization of the CAP along with a brief 
description of the site and surrounding properties. 
 
1.1   Purpose 
 
The overall purpose of this CAP is to present a plan for corrective action in order to 
prevent further degradation of the aquifer by continued migration of petroleum 
constituents into areas not previously impacted. Envirorisk has developed a corrective 
action scope of work to treat the Area of Concern (AOC) which includes all wells with 
measurable free product and dissolved concentrations. Corrective action at this facility 
described under this PO includes removal of free product to <0.01 feet and reduction of 
chemicals of concentration (CoC) to Site Specific Target Levels (SSTLs) as shown on 
Table 4.  Historical data including water levels and analytical results are provided in 
Table 2/3. 
 
All tables, figures, and other supplemental material referenced in the text are provided 
in the labeled appendices. Some tables, diagrams, etc. are provided in the body of the 
text for ease of reference.  
 
1.2   Property Owner 
 
The responsible property for UST #12458 is Brent Puzak with Circle K, and the mailing 
address is 305 Gregson Drive, Cary, NC, 27511. The phone number was not provided. 
The current property owner is Labtech Diagnostics, LLC, and their mailing address is 
1502 East Greenville Street, Anderson, SC 29621 (same as the site address). The 
phone number is 864-760-0039.  
 
1.3   Description of Site and Surrounding Properties 
 
The site is currently operating as Labtech Diagnostics located on the south side of East 
Greenville Street at the intersection of McLees Road in Anderson, South Carolina. The 
site previously operated as a gasoline station/convenience store and contained three 
gasoline underground storage tanks (USTs) which were reportedly removed in April 
1991. The quantity and cause of the reported release (dated November 10, 1992) is 
unknown. 
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The majority of the property is paved with concrete or asphalt with some landscaping 
around the perimeter. The surrounding area includes a mix of commercial and 
residential properties, with Sonic Drive-In Restaurant located south of the site, a former 
dry cleaner to the north, and a residence to the east. The site location including local 
topography is depicted on Figure 1. Site and surrounding properties are better 
illustrated on a site base map provided as Figure 2.  
 
1.4   Summary of Previous Environmental Activities 
 
Envirorisk reviewed technical files available electronically for the facility to gain an 
understanding of the site history. Currently, a total of thirty one (-31-) monitoring wells 
are included as part of the sampling network (see Table 2/3). Well locations are 
depicted on Figure 2. Shallow wells were installed to depths of 13-25 feet below ground 
surface (ft-bgs) with 10-foot screen sections.  Deeper wells (indicated by a “D” at the 
end of the well ID or a “DMW” designation) were installed to depths of 47-112 ft-bgs 
with 5-foot screen sections. All wells were installed prior to Envirorisk’s site involvement. 
Based on a file review, previous corrective action at the site has included multiple 
extraction events.  
 
Based on the most recent gauging event conducted on November 21-23, 2016 free 
product was detected as follows: MW-1 (2.01’), MW-5 (0.83’), MW-6 (0.29’), MW-8 
(0.29’), MW-9 (1.09’), MW-11 (0.35’), MW-12 (0.33’), MW-17 (0.07’), MW-23 (0.23’), and 
MW-30 (1.82’). Free product was only detected in the shallow wells. Groundwater 
samples were most recently collected in November 2016 for analysis of BTEX, 
naphthalene, MTBE, TAA, and TBA. The highest total concentration reported was 
36,250 micrograms per liter (µg/L) in MW-13, located south of the site near Sonic. Table 
2/3 (provided in the Appendix file from SCDHEC) is provided in the appendix and 
contains the tabulated data for November 2016. Groundwater CoC maps were created 
by a previous consultant for the November 2016 sampling event and are included as 
Figures 4A-4D for reference. 
 
It is Envirorisk’s understanding that horizontal and vertical delineation of the site has 
been completed by previous consultants to the satisfaction of SCDHEC. No additional 
site delineation is proposed in this CAP.   
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2.0  PHYSICAL SETTING 
 
The physical setting of the site and surrounding region is described in this section. 
Discussions of regional characteristics were derived from published sources. Site 
specific characteristics, particularly geological classifications and unit interpolation, were 
based on a review of readily available file information obtained from SCDHEC. 
 
2.1   Topography and Groundwater Flow Direction  
 
The site elevation is approximately 699’ above mean sea level and site groundwater 
flow, based on a review of previous groundwater flow maps, is to the south/southwest. 
The closest receptor (according to the 2000 Tier I Assessment Report) is Cox Creek 
located approximately 700 feet southwest of the site. Figure 1, attached, shows site 
topography.  A potentiometric surface map, prepared by a previous consultant using 
June 2016 data, is included as Figure 5.   
 
2.2   Regional and Site Geology and Hydrogeology 
 
The subject site is located in the Piedmont Physiographic province of South Carolina. 
This province is characterized by rolling hills and stream valleys. In place weathering 
has chemically altered the bedrock and resulted in the residual soil retaining the 
structural features of the parent rock material. Bedrock of the area consists of layers of 
granite gneiss, biotite gneiss, and biotite schist.  A review of boring logs in SCDHEC 
files indicates soils generally consist of clays, clayey silts, sandy silts, and fine to 
medium sands followed by partially weathered rock (sandy silt/rock 
fragments/micaceous gneiss bedrock). Geologic cross sections provided in SCDHEC 
records are included as Figures 6A-6C. 
 
Shallow aquifers in the area usually occur in the saprolite unit which is hydraulically 
connected to the bedrock aquifer. Previous receptor surveys indicated no water supply 
wells within 1,000 feet of the site.  Cox Creek was identified approximately 700 feet 
southwest and down-gradient of the site. During the November 2016 sampling event, 
groundwater in the surficial water bearing zone was encountered at depths ranging from 
approximately 6-14 ft-bgs.  
 
2.3   Hydraulic Flow Characteristics   
 
Hydraulic flow properties including hydraulic conductivity, hydraulic flow, and linear 
groundwater flow velocity or seepage velocity were evaluated by prior consultants. The 
hydraulic conductivity can be loosely defined as the velocity at which groundwater 
moves through the water-bearing soil medium.  
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The average hydraulic conductivity (K) of the surficial water bearing unit was previously 
calculated using the MW-2 and MW-3 at 17.0 x 10 ̄ 5 and 28.29 x 10 ̄ 5 feet per minute 
(ft/min), respectively. A seepage velocity of 2.86 feet per year was calculated based on 
an average K value of 22.65 x 10  ̄5 ft/min (or 0.326 feet per day), a hydraulic gradient of 
0.0084  feet per foot (ft/ft), and a porosity of 35% (sandy clay loam). The hydraulic 
gradient was calculated at 0.055 ft/ft in a July 1, 2014 Groundwater Monitoring Report. 
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3.0  CORRECTIVE ACTION SCOPE AND TECHNOLOGIES 
 
The corrective action strategy developed for this site includes reduction of free product 
to <0.01’ and reduction of dissolved constituents to the SSTLs as shown on Table 4. 
Prior to selecting a corrective action strategy, several technologies were evaluated 
based on Envirorisk’s experience and a review of reported site conditions, as described 
in the subsections to follow.  Based on the most recent data collected in November 
2016, free product is present in ten monitoring wells in thicknesses ranging from 0.07 to 
2.01 feet. 
 
3.1 Summary of Remedial Site Conditions 
 
The treatment area is shown on Figure 7 and measures approximately 85’ by 135’ or 
11,475 square feet and is located underneath the parking lot and a portion of the 
adjacent Right-of-Ways (ROWs) for East Greenville Street and McLees Road. The 
vertical extent, based on historic water table fluctuations, ranges from 6 to 14 ft-bgs in a 
fine to medium-grained silty-sand/sandy-silt saprolite. Based on a review of November 
2016 data, monitoring wells located at or near the up-gradient plume boundary include 
MW-28, MW-7, and MW-27 to the north-northeast and MW-4, MW-23, and MW-25 to 
the south-southeast and down-gradient. Free product is present throughout the 
treatment area. Treatment areas are discussed in further detail in Section 4 and are 
shown on Figure 7.    
 
3.2 Evaluation of Removal Technologies 
 
Envirorisk evaluated various technologies to remediate the site to the SSTLs. The 
remedial technologies evaluated included soil vacuum extraction (SVE), air sparging 
(AS), dual-phase or multi-phase extraction (MPE), surfactant injections/extractions, 
chemical oxidation, enhanced bioremediation, and soil blending/excavation. 
Technologies may be combined with one or more methods as part of a full site 
corrective action strategy.  A discussion of each technology is provided in the italicized 
sections.  
 
3.2.1 Soil Vacuum Extraction (SVE) 
 
SVE works by vacuum stripping volatile compounds out of interstitial soil pores through 
air movement without the use of groundwater extraction. Any volatile compound that 
exists in the vapor phase under ambient temperatures can theoretically be removed by 
SVE. Vacuum induced air flow in the vadose zone simply serves to enhance the 
volatilization process. The success of SVE at a given site is dependent on a number of 
factors, most notably soil permeability, moisture content, depth to water, fuel type, and 
contaminant distribution in the vadose zone versus free product presence beneath the 
water table.  
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A typical SVE system consists of a 5-10 horsepower (or greater) skid-mounted vacuum 
blower with a moisture separation tank and suitable high level float controls. Depending 
on air treatment requirements, influent vapors may need to be treated using thermal or 
carbon based methods prior to atmospheric discharge. Although this method is 
generally considered cost effective, it does not effectively address the presence of 
adsorbed free product trapped below the water table as a result of seasonal 
fluctuations. For this reason, SVE tends to have the greatest effectiveness in 
remediating “newer” free product releases in areas where the water table fluctuation has 
been minimal.  
 
This technology was not considered in bid preparation and will not likely be utilized for 
site treatment. However, SVE may be considered for site treatment in combination with 
another technology such as air sparging described below.   
 
3.2.2 Air Sparging 
 
Air sparging consists of forcing compressed air below the water table in order to create 
transient air filled regimes in the saturated zone. Dissolved constituents exposed to the 
spared air environment are “stripped” from the dissolved phase into the gas phase 
where they can be captured as they migrate into the vadose zone with SVE technology. 
The air sparging process effectively creates a subsurface air stripper where the soil 
medium acts as the “packing” around which the injected air bubbles migrate through the 
water column. The sparging process also creates turbulence and increased subsurface 
mixing between soil and groundwater saturated zones, thereby resulting in the liberation 
of higher volatile organic compound (VOC) concentrations for SVE removal. 
 
AS/SVE technology is generally effective for treatment of VOCs provided the compound 
has a Henry’s Constant greater than 10-5. The success of AS/SVE at a given site is 
dependent on a number of factors most notably hydraulic conductivity, aquifer 
heterogeneity, soil permeability, depth to groundwater, ground cover, and contaminant 
distribution in the vadose zone and beneath the water table.  
 
This technology may be utilized in conjunction with SVE as a follow-up technology.  
 
3.2.3 Multi-Phase Extraction (MPE) 
 
MPE is a technology that attempts to overcome the limitations of SVE, free product 
skimming, and standard pump-and-treat technologies through the simultaneous removal 
of volatile hydrocarbons from the dissolved phase, free product, vapor phase, and 
adsorbed soil particle phase. The term “multi-phase” extraction refers to the system’s 
ability to extract free product, impacted groundwater, and soil vapors with specially 
designed high vacuum blowers capable of handling liquid and vapor streams. This 
method is similar in application to pump-and-treat but with the advantage of treating 
contaminated soils above and below the water table.  
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MPE is commonly applied through the use of vacuum trucks (AFVR) or a stationary 
system. Both applications involve drawing a high vacuum through PVC drop tubes 
installed in new or existing monitoring or recovery wells. The vacuum draws the water 
table down to an equilibrium level while extracting free product and adsorbed 
hydrocarbon constituents from the exposed soils beneath the water table. As the drop 
tubes are moved upward or downward, depending on the screened interval of the 
recovery wells, free product can be progressively removed from various portions of the 
soil column where impact is present including the vadose zone. The goal of the 
technology is to remove a minimal amount of groundwater while extracting free product 
and adsorbed hydrocarbons in the soil vapor. The success of the technology is 
determined by measuring the concentration of hydrocarbons in the off-gas stream and 
through measuring the resulting free product thicknesses and petroleum concentrations 
in the groundwater.  
 
The success of MPE is dependent on soil permeability, moisture content, depth to 
water, fuel type, and contaminant distribution. A pilot test is generally performed prior to 
installing a stationary MPE system to determine the extent of groundwater drawdown 
and vacuum and flow rate needed for optimum recovery. A typical MPE system consists 
of a high vacuum liquid ring blower with a moisture separation tank and an oil-water 
separator and air stripper for influent groundwater. Depending on air treatment 
requirements, influent vapors may need to be treated using thermal desorption or 
similar method prior to atmospheric discharge. 
 
Mobile MPE will likely be utilized in combination with surfactant applications and in 
combination with other remedial methods.   
  
3.2.4 Surfactant Injections/Extractions 
 
Surfactants can be injected to reduce the surface tension between free product and soil 
particles where free product is typically “trapped” in interstitial pores. After reducing the 
surface tension, free product can be removed using simple groundwater extraction or 
mobile MPE (AFVR). Surfactants are chemical substances that have an affinity to both 
oil and water. The molecular structure of these compounds generally consists of a 
“Lipophilic” (oil/fuel soluble) tail and a “Hydrophilic” (water soluble) head as shown on 
the diagram on the following page.  
 
When agitated, the two phases combine as microscopic oil/fuel droplets become 
encapsulated with a thin film of surfactant and water. These encapsulated droplets are 
referred to as micelles and when combined create stable macro-emulsions that break 
down the interfacial tension between trapped fuel/oil, pore water, and subsurface soil 
particles allowing more efficient recovery.  
 
Based on the presence of free product and Envirorisk’s prior successes using this 
remedial technology, surfactant treatments will be utilized for free product removal.  
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3.2.5 Chemical Oxidation 
 
Chemical oxidation methods involve the use of concentrated oxidants to facilitate the 
chemical breakdown of hydrocarbons in the soil and groundwater. This chemical 
breakdown occurs as molecular bonds in organic compounds are “cleaved” and oxygen 
is inserted into the resulting fragments producing end products of carbon dioxide, water, 
and harmless salts. The oxidation process is generally driven by the creation of 
aggressive oxidant radicals that react on contact.  
 
Chemical oxidants can be applied either in-situ via injection (ISCO), through in-place 
soil blending, or ex-situ by removing impacted soils for above ground treatment. 
Geological and hydrogeological conditions must be considered when developing the 
application strategy. ISCO field applications have clearly affirmed that matching the 
oxidant and delivery system to the contaminants of concern and the site conditions is 
the key to successful implementation.  
 
ISCO field applications generally involve low pressure injection of oxidant fluid at 
various depths to provide treatment over the entire “smear zone” of contamination both 
above and below the water table. The addition of oxidant fluid produces a temporary 
“mounding” of the water table in the vicinity of the injection point. Since ISCO processes 
occur in the fluid phase, contaminants in the soil matrix must be desorbed from soils 
before they can react with the oxidant. A conceptual cross-section illustrating 
contaminant plumes targeted for injection is shown in the diagram below.  
 

Lipophilic (oil soluble) Tail            Hydrophilic (water soluble) head 
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The primary drawback to the ISCO technology includes the need for complete oxidant 
contact with the contaminant which can be hampered by low permeability soils and 
preferential pathways in the soil matrix. Envirorisk relies on targeted injection 
techniques utilizing “positive placement monitoring” to overcome this drawback.  
 
Contaminant removal can typically be facilitated at petroleum sites with the use of 
activated persulfate, catalyzed hydrogen peroxide (CHP), and/or use of solid phase 
peroxygen compounds including sodium percarbonate and calcium peroxide.  
Reactions for each are below. 
 
Sodium persulfate oxidation occurs with and without activators including iron 
salts/chelates, an alkaline substance, induced heat, or hydrogen peroxide. The 
activation process results in the creation of sulfate radicals which have similar oxidant 
strength to hydroxyl radicals. The stylized oxidation reaction is as follows: 

 

S2O8
-2 + activator → SO4

∙- + (SO4
∙- or SO4 -2) 

 
CHP oxidation involves the combination of hydrogen peroxide, an iron catalyst, and a 
chelating agent resulting in the creation of hydroxyl radicals with a high oxidation 
potential.  
 
The basic chemical reaction for CHP/Modified Fenton’s oxidation is as follows: 
    

H2O2 + Fe+2 + Chelating Agent  → Fe+3 + OH- + OH + residual ionic salt 
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Modified Fenton’s oxidation can also be produced using sodium percarbonate 
(Na2CO3•1.5H2O2).  Sodium percarbonate is a soluble powder that releases hydrogen 
peroxide under mildly alkaline conditions (pH <9). The hydrogen peroxide generated 
can then be catalyzed with iron to produce hydroxyl radicals similar to a Modified 
Fenton’s or CHP oxidant reaction. The chemical formula in solid phase and aqueous 
state for sodium percarbonate is shown below: 
 

2Na2CO3.3H2O2 → 2Na2CO3(aq) + 3H2O2  
 
The hydrogen peroxide released will be react with either left over iron from previous 
ISCO treatments or supplemental iron added, resulting in Modified Fenton’s oxidation:  

 
         H2O2 + Fe+2 → Fe+3 + OH- + OH.  
 
The primary advantage of using sodium percarbonate to generate a CHP or Modified 
Fenton’s reaction is to control the release of hydrogen peroxide and thereby extend the 
release of hydroxyl radicals. The oxidant reaction is non-corrosive and less exothermic 
than liquid based CHP applications. Following chemical oxidation, a release of 
dissolved oxygen will also occur to stimulate long term aerobic bioremediation.  
 
Similar to sodium percarbonate, calcium peroxide can be utilized to generate a modified 
Fenton’s reaction followed by aerobic bioremediation stimulated by a slow release of 
dissolved oxygen. Calcium peroxide has a low solubility and tends to form calcium 
hydroxide [Ca(OH)2] at pH values of 11-12 as shown below:  
 

2 CaO2+ 2 H2O→Ca(OH)2+ O2 
 
When the pH drops below 10 or 11, some hydrogen peroxide will be formed as shown 
in the reaction below:  
 

CaO2+ 2H+ Ca2+ (aq) + 2H2O2 
 
Some or all of the hydrogen peroxide released will be used in a Modified Fenton’s 
reaction as shown above with sodium percarbonate. Dissolved oxygen remaining after 
ISCO or from the dissolution of calcium peroxide under a higher pH will be subsequently 
utilized for aerobic bioremediation.  
 
Based on site conditions and Envirorisk’s prior success using ISCO for treatment of 
dissolved phase constituents, ISCO injections will be utilized for dissolved phase 
treatment.  
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3.2.6 Enhanced Bioremediation 
 
Enhanced bioremediation is a process that attempts to accelerate the natural 
biodegradation processes already at work in the subsurface environment from microbial 
organisms. Enhancement is usually accomplished by providing nutrients, electron 
donors, or competent degrading microorganisms. The most common methods of 
enhanced bioremediation involve stimulating the subsurface by injecting nutrients to 
encourage either natural aerobic or anaerobic microbial activity.  This is commonly 
referred to as in-situ bioremediation, or ISB. 
  
Oxygen enhancement, commonly used to stimulate aerobic activity for degradation of 
petroleum hydrocarbons, can be achieved by either air sparging below the water table 
(bio-sparging including proprietary methods such as PHOSter™) or circulating low level 
oxygen enhancers throughout the contaminated ground water zone. Oxygen 
enhancement using bio-sparging is typically used in conjunction with SVE or bio-venting 
to enhance removal of volatiles. Additionally, solid-phase peroxide products or other 
slow release oxygenators can also be injected (ISB) into the subsurface to stimulate 
more rapid aerobic biodegradation. 
 
Conditions influencing natural biodegradation need to be fully understood prior to 
enhancing natural processes.  This is commonly performed by evaluating geochemical 
parameters in the groundwater along with relative concentrations of natural inorganics 
that may be utilized as electron acceptors and donors. Bench scale microbial studies 
may also be performed to better evaluate degradation rates.   
 
Based on the contaminants present at this site (petroleum products), aerobic and/or 
anaerobic stimulation may be effective.  Aerobic biostimulation will involve the use of 
oxygen release compounds in a “treatment train” approach.  This can be accomplished 
using CHP, calcium peroxide, or sodium percarbonate oxidants that release oxygen 
during and following chemical oxidation. Anaerobic treatment would involve stimulating 
nitrate, iron, and/or sulfate-reducing bacteria in a reducing environment which may 
involve the injection of an organic carbon source to facilitate. Common organic 
substrates include sodium lactate or similar food grade products.  Anaerobic treatment 
will be considered if sodium persulfate oxidation is utilized in order to take advantage of 
the residual sulfate remaining after the ISCO treatment. 
 
Enhanced bioremediation, including ISB and bio-sparging technologies, may be utilized 
in combination with or following ISCO for site treatment of low to moderate dissolved 
phase constituents.  
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3.2.7 Soil Excavation/Soil Blending/Off-site Landfilling 
 
In some cases, aggressive soil removal above and below the water table can be utilized 
as an effective means of removing impacted soils and blending in oxidants and/or 
bioremediation amendments. This process is often coupled with limited groundwater 
extraction to remove high dissolved phase constituents/free product recharging on the 
groundwater surface during excavating. Conventional excavation equipment has a 
maximum reach of 20 ft-bgs.  
 
One alternative to conventional excavation is the advancement of a series of closely 
spaced large diameter borings using a “bucket” auger rig. This drill rig is similar to a 
caisson rig and is typically utilized in the installation of bored water wells. This drill 
method allows the removal of impacted soils with each advancement of the auger. 
Contaminated soils removed with the bucket attachment can be placed in roll-offs or 
dump trucks for off-site disposal at a Subtitle D landfill.  In addition, impacted soils may 
be treated in-situ by blending in liquid and solid phase amendments to facilitate both 
ISCO processes in the groundwater and enhanced bioremediation.  Temporary injection 
and/or extraction wells may also be installed in the open boreholes to further facilitate 
remediation. 
 
Bucket auger rigs may be utilized in combination with ISCO treatment in the event that 
adequate contact and treatment is not achieved with ISCO and ISB.   
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4.0  PROPOSED PLAN FOR REMEDIATION 
 
Based on the initial assessment of site conditions, free product and dissolved CoC 
reduction will be accomplished through a combination of surfactant 
injections/extractions and ISCO applications as outlined in the sections below. The 
primary injection technologies will be supplemented, if needed, with alternative 
technologies as described in Section 3.  The treatment plan described below is shown 
on Figure 7.  Per the Solicitation, physical access on the Sonic Restaurant is not 
included due to access issues.  Therefore, SCDHEC has requested the use of angle-
drilling beneath McLees Road ROW. 
 

4.1   Drilling & Injection/Extraction Well Installation  
 
To facilitate effective surfactant and ISCO product delivery, Envirorisk will advance a 
maximum of 25, two-inch diameter injection/extraction wells and a maximum of 55 
temporary direct push injection points. The injection/extraction (IW/EWs) wells will be 
installed to depths of approximately 13 to 15 ft-bgs with 5-10 foot screens. Soil logging 
and field screening will be performed on a limited number of the IW/EWs to determine 
screen placement. The wells will be installed by a SC Licensed driller using either large 
diameter 3.25-inch inner diameter direct push rods or 2.25 to 3.25 inner diameter hollow 
stem augers. All wells will be constructed using Schedule 40 PVC with silica sand 
packs, hydrated bentonite seals, and secondary grout seals. The top of the PVC 
casings will be secured with a camlock fitting and threaded PVC cap to facilitate 
injection/extraction followed by a locking manhole cover enclosed in a concrete pad.   
 
Following IW/EW installation and subsequent treatment, up to 55 direct push temporary 
injection points will be advanced for ISCO treatment. Depending on site conditions, 
some or all of these temporary injection points may be converted into one-inch diameter 
injection wells. The exact number of injection points/wells and locations will be based on 
field conditions, primarily including injectant flow and movement in the subsurface.  
Proposed IW/EW and direct push locations are displayed on Figure 7.  
 

4.2  Surfactant Treatment/Extractions  
 
A 12 to 24-hour mobile MPE/AFVR event will be initially performed using some or all of 
the newly installed injection/extraction wells. Extraction will be performed using one-inch 
drop tubes or “stingers” lowered to various depths below the water table in the 
contaminant “smear zone”. The purpose of this initial mobile AFVR is to determine the 
quantity of fluid recovered from each IW/EW and/or group of wells for use in calculating 
surfactant dosing. In general, Envirorisk calculates surfactant doses assuming 
subsequent extraction removal of 1 to 1.5 times the liquid injected.    
 
In a follow-up field mobilization, surfactant injection will be performed by injecting 200 to 
500 gallons of a 2% to 5% solution into selected IW/EWs under mild pressure. After 
allowing sufficient time for free product emulsification and partial solubilization, one or 
more additional mobile AFVR events will be conducted to recover the emulsified free 
product and petroleum impacted groundwater. Waste manifests will be provided 
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following extraction events. Based on free product recharge and field conditions 
encountered, additional injection(s) and extraction(s) will be conducted to remove all or 
most of the free product. 
 
During injection and extraction, Envirorisk will conduct field monitoring including depth 
to water and free product thickness gauging and geochemical parameter monitoring 
[pH, conductivity, temperature, dissolved oxygen (DO), and oxidation-reduction potential 
(ORP)], as needed. The degree of emulsification will also be evaluated through physical 
inspection of bailed free product and groundwater collected during treatment.   
 

4.3  Angle-Drilled Wells 
 
The Solicitation states that following free product removal, angle-drilled wells should be 
utilized for dissolved site treatment beneath McLees Road ROW.  This requirement was 
presumably due to access restrictions associated with the Sonic Restaurant.  A total of 
six or seven angled wells will be installed on the southeast portion of the treatment area 
as shown on Figure 7.  Wells will be installed using 1” or 2” Schedule 40 PVC at an 
approximate 45-degree angle using a direct push rig or small auger rig.  Screen 
sections will penetrate the subsurface within the impacted zone and will terminate in the 
midline of the road.  Due to the angled installation, a silica sand pack will not be 
installed; however, a 2’ prepack bentonite seal will be flush-threaded on top of the 
screen to prevent secondary grout intrusion. After grouting, wells will be completed with 
flush mounted well vaults. Wells will be utilized for ISCO treatment and/or mobile AFVR 
as described.   
 
4.4  ISCO/Enhanced Bioremediation  
 
Contaminant removal can typically be facilitated at petroleum sites with the use of 
activated persulfate, catalyzed hydrogen peroxide (CHP), and/or use of solid phase 
peroxygen compounds including sodium percarbonate and calcium peroxide.  ISCO 
injections will be performed using up to 55 temporary injection points as well as up to 25 
IW/EWs depicted on Figure 7. (The number of injection points/wells may be increased 
or decreased based on the effectiveness of the treatment). Based on experience with 
similar sites, the oxidant blend injected will likely consist of an initial treatment using 
CHP/Modified Fenton’s (hydrogen peroxide and/or sodium percarbonate, calcium 
peroxide with an iron chelator) to reduce high dissolved VOCs and reduce/remove any 
remaining interstitial free product pockets. Following Modified Fenton’s oxidation, un-
activated or activated sodium persulfate will likely be injected to provide more long-term 
oxidant treatment.  It is expected that two or more treatments will be required. Additional 
mobile AFVR events will also be performed, as needed, to supplement the ISCO 
treatments. The UIC Permit is included as an attachment. 
 
Injection will be performed under low to moderate pressure using Envirorisk’s mobile 
injection vehicle. During and immediately following ISCO injection, geochemical 
parameters (pH, conductivity, temperature, DO, and ORP) as well as depth to water and 
free product (if detected) thickness will be collected, as needed, to assess the radial 
extent of oxidant treatment.  
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Bioremediation (ISB) may be performed using solid or liquid phase amendments in 
conjunction with or following ISCO treatments.  Amendments will be injected either with 
oxidants (i.e. same injection) or following. Alternatively, supplemental treatment may be 
performed using AS/SVE or bio-sparging (PHOSter) to reach lower dissolved 
constituent treatment goals.  PHOSter is an air sparging technology in which triethyl-
phosphate (TEP) is added through injections in the air stream to stimulate oxygen 
required to develop or sustain aerobic conditions. Implementation of these technologies 
may necessitate the need for additional air delivery injection wells as well as subsurface 
delivery piping. These systems are in-situ based and would NOT require off-site fluid 
discharges.  
 
4.5   Semi-Annual Groundwater Sampling  
 
As outlined in the Solicitation, all wells will be sampled semi-annually.  If free product is 
detected the well will not be sampled. Wells will be sampled for the following 
constituents: BTEX, naphthalene, MTBE, TAA, and TBA using Method 8260. Sampling 
procedures will be followed as outlined in the “Quality Assurance Program Plan for the 
Underground Storage Tank Management Program, Revision 3.1” dated February 2016 
and Envirorisk’s Annual Contractor Quality Assurance Plan (ACQAP). As specified in 
the Solicitation, once free product has been removed, gauging will be conducted by 
SCDHEC. In addition, once sampling data indicates a 100% CoC concentration 
reduction, the Agency will be notified and corrective action activities will cease. The 
wells will be sampled for two quarters during the verification period.  Split sampling will 
be performed with SCDHEC during the second verification event. 
 
During the verification period, wells will be gauged and sampled quarterly.  If the 100% 
CoC reduction goal has not been maintained, corrective action as described above will 
resume.  Appropriate reports will be submitted following each gauging and/or sampling 
event. 
 
4.6 Timeline 
 
The table below lists predicted completion dates for the project.  Dates are approximate, 
and are subject to change based on SCDHEC’s input and response time to submittals, 
possible public notice delays, weather delays, holidays, changes in site conditions, and 
other conditions out of Envirorisk’s control.  The table is split into two sections, the first 
containing completed tasks and the second containing upcoming tasks. 
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Table 5. Timeline 

COMPLETED TASKS 

Task Submittal Date 
Site Specific Work Plan for 

Initial Monitoring Event 
Site Specific Work Plan August 1, 2017 

 

CAP Preparation / UIC Permit 
Application / Work Plan 

CAP (this submittal) 
September 7, 2017 

UPCOMING TASKS 

Task Submittal Date 
SCDHEC review of CAP/ 

Public Notice 
Notice to Proceed 

(from DHEC) 
Assume 60 days-  
November, 2017 

Initial Monitoring Event Initial Monitoring Report Due September 17, 2017 

CAP Implementation 
CAP Implementation 

Report 

Field: 30 days from Notice to 
Proceed- December 2017 

Report: 60 days from Notice to 
Proceed- January 2018 
Invoice 40% of contract 

Corrective Action / Semi-
Annual Sampling 

Appropriate Corrective 
Action System Evaluation 

(CASE) Report 

Semi-annually with first report 
due within 90 days of CAP 

Implementation Report  

Invoicing CASE Reports 

Invoice will be submitted with 
CASE reports for 10% of 

contract for reduction of free 
product to <0.01' 

Invoicing CASE Reports 
Invoices will be submitted with 

CASE report for 10% of contract 
for CoC reduction of 60% 

Invoicing CASE Reports 

Invoices will be submitted with 
CASE reports for 5% of contract 
for CoC reductions of 90% and 

100% 

Update QAPP Contractor 
Addendum  

QAPP First quarter of each year 
 

Abandon and/or Remove 
Assessment and Corrective 

Action Equipment 
Components 

Appropriate CASE Report  
Within 60 days from notice by 

the Agency 
Invoice 30% of contract 

 
 
A Contractor’s Checklist is provided as Appendix K. The Site Specific Work Plan is 
also included as an attachment. 
 

  



 DHEC 0653 (09/2016) 
SCDHEC, UST Management Division, 2600 Bull Street, Columbia, SC 29201, PHONE (803)898-7957 FAX (803) 896-6245 www.scdhec.gov

SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL

To: ______________________________________________________________________(SCDHEC Project Manager)
From: ___________________________________________________________________(Contractor Project Manager)
Contractor: _______________________________ UST Contractor Certification Number: ________________________

Facility Name: ___________________________________________________  UST Permit #: ____________________
Facility Address: __________________________________________________________________________________
Responsible Party: _________________________________________________Phone: _________________________
RP Address: _____________________________________________________________________________________
Property Owner (if different):  ________________________________________________________________________
Property Owner Address: ___________________________________________________________________________
Current Use of Property:  ___________________________________________________________________________

Scope of Work  (Please check all that apply)
o  IGWA 		  o  Tier II				    o  Groundwater Sampling                           o  GAC
o  Tier I		  o  Monitoring Well Installation		  o  Other _________________________________

Analyses  (Please check all that apply)
Groundwater/Surface Water: 
o  BTEXNMDCA (8260B)         		  o  Lead                                    	 o  BOD                          	o  Methane
o  Oxygenates (8260B)			  o  8 RCRA Metals 		  o  Nitrate   		  o  Ethanol
o  EDB (8011)    			   o  TPH				   o  Sulfate		  o  Dissolved Iron
o  PAH (8270D)              		  o  pH 				    o  Other ______________________________
Drinking Water Supply Wells:
o  BTEXNMDCA (524.2)         		  o  Mecury (200.8 245.1 or 245.2)        	 o  EDB (504.1)                               
o  Oxygenates & Ethanol (8260B)	 o  RCRA Metals (200.8)
Soil: 
o  BTEXNM	 o  Lead	 o  RCRA Metals 		  o  TPH-DRO (3550B/8015B)		  o  Grain Size
o  PAH				   o  Oil & Grease (9071)		  o  TPH-GRO (5030B/8015B) 		  o  TOC
Air: 
o  BTEXN                           		

Sample Collection  (Estimate the number of samples of each matrix that are expected to be collected.)
________ Soil                                  ________ Water Supply Wells         ________ Air                       ________ Field Blank            
________ Monitoring Wells             ________   Surface Water                ________ Duplicate            ________ Trip Blank           	
	
Field Screening Methodology
Estimate number and total completed depth for each point, and include their proposed locations on the attached map.
# of shallow points proposed: ______________________   Estimated Footage: ___________________ feet per point
# of deep points proposed: ________________________   Estimated Footage: ____________________ feet per point
Field Screening Methodology: _______________________________________________________________________	
	
Permanent Monitoring Wells
Estimate number and total completed depth for each well, and include their proposed locations on the attached map.
# of shallow wells: __________________________   Estimated Footage: __________________________ feet per point
# of deep wells: ____________________________   Estimated Footage: __________________________ feet per point
# of recovery wells: _________________________   Estimated Footage: __________________________ feet per point
Comments, if warranted: 
________________________________________________________________________________________________
________________________________________________________________________________________________

Site-Specific Work Plan for Approved ACQAP
Underground Storage Tank Management Division



DHEC 0653 (09/2016) 

		

UST Permit #: ___________________ Facility Name: ____________________________________________________ 
	
Implementation Schedule  (Number of calendar days from approval)
Field Work Start-Up: _____________________________  Field Work Completion: ______________________________
Report Submittal: _______________________________  # of Copies Provided to Property Owners: ________________	
	
Aquifer Characterization
Pump Test: o         Slug Test: o  (Check one and provide explanation below for choice)
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________	
	
Investigation Derived Waste Disposal
Soil: _____________________________ Tons                 Purge Water: ________________________________ Gallons
Drilling Fluids: _____________________ Gallons            Free-Phase Product: ___________________________ Gallons	
	
Additional Details For This Scope of Work
For example, list wells to be sampled, wells to be abandoned/repaired, well pads/bolts/caps to replace, details of AFVR 
event, etc.
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________	
	
Compliance With Annual Contractor Quality Assurance Plan (ACQAP)
____ Laboratory as indicated in ACQAP? (Yes/No)              If no, indicate laboratory information below.
          Name of Laboratory: __________________________________________________________________________
          SCDHEC Certification Number: _________________________________________________________________
          Name of Laboratory Director: ___________________________________________________________________

____ Well Driller as indicated in ACQAP? (Yes/No)           If no, indicate driller information below.
           Name of Well Driller: _________________________________________________________________________
          SCLLR Certification Number: ___________________________________________________________________

____ Other variations from ACQAP.  Please describe below.
           __________________________________________________________________________________________
           __________________________________________________________________________________________
           __________________________________________________________________________________________
           __________________________________________________________________________________________
           __________________________________________________________________________________________
		
Attachments

1.	 Attach a copy of the relevant portion of the USGS topographic map showing the site location.

2.	 Prepare a site base map.  This map must be accurately scaled, but does not need to be surveyed.  The map 
must include the following: 
North Arrow                                        Proposed monitoring well locations 
Location of property lines                  Legend with facility name and address, UST permit number, and bar scale 
Location of buildings                         Streets or highways (indicate names and numbers) 
Previous soil sampling locations       Location of all present and former ASTs and USTs 
Previous monitoring well locations    Location of all potential receptors 
Proposed soil boring locations          

3.	 Assessment Component Cost Agreement, SCDHEC Form D-3664		



Table 2/3. Potentiometric and Laboratory Data

Former 81 Food Mart, UST Permit #12458

Monitoring Well TOC

GW 

Depth 

(ft)

GW 

Elevation 

(ft)

FP (ft) B T E X Naphth MTBE TAA TBA

MW-1

screen 15-25' 94.87

Nov 21-23, 2016 9.75 83.61 2.01

MW-4

screen 5-15' 91.77

Nov 21-23, 2016 9.99 81.78 <5 <5 <5 <5 <5 <5 <100 <100

MW-5

screen 5-15' 94.34

Nov 21-23, 2016 11.68 82.04 0.83

MW-6

screen 8-18' 95.34

Nov 21-23, 2016 12.68 82.44 0.29

MW-7

screen 5-15' 95.80

Nov 21-23, 2016 10.17 85.63 <5 <5 <5 <5 <5 <5 <100 <100

MW-8

screen 5-15' 95.80

Nov 21-23, 2016 10.15 85.43 0.29

MW-9

screen 7-17' 94.36

Nov 21-23, 2016 10.80 82.74 1.09

MW-11

screen 7-17' 94.71

Nov 21-23, 2016 11.40 83.05 0.35

MW-12

screen 7-17' 92.18

Nov 21-23, 2016 10.76 81.17 0.33

MW-13

screen 3-13' 90.12

Nov 21-23, 2016 9.71 80.41 8800 9500 3100 10000 650 <200 2800 <4000

MW-14

screen 15-25' NA

Nov 21-23, 2016 14.28 NA <5 <5 <5 <5 <5 <5 <100 <100



Table 2/3. Potentiometric and Laboratory Data

Former 81 Food Mart, UST Permit #12458

Monitoring Well TOC

GW 

Depth 

(ft)

GW 

Elevation 

(ft)

FP (ft) B T E X Naphth MTBE TAA TBA

MW-15

screen 15-25' NA

Nov 21-23, 2016 12.35 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-16

screen 10-20' NA

Nov 21-23, 2016 11.10 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-17

screen 10-20' NA

Nov 21-23, 2016 11.01 NA 0.07

MW-18D

screen 75-80' NA

Nov 21-23, 2016 11.36 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-19D

screen 43-48' NA

Nov 21-23, 2016 13.00 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-20D

screen 42-47' NA

Nov 21-23, 2016 11.74 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-21D

screen 42-47' NA

Nov 21-23, 2016 10.14 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-22D

screen 42-47' NA

Nov 21-23, 2016 9.25 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-23

screen 8-18' 90.79

Nov 21-23, 2016 6.01 84.61 0.23

MW-24

screen 10-20' 91.49

Nov 21-23, 2016 9.88 81.61 900 80 120 360 52 810 2800 630

MW-25

screen 10-20' NA

Nov 21-23, 2016 12.65 NA 66 10 <5 91 25 <5 <100 <100



Table 2/3. Potentiometric and Laboratory Data

Former 81 Food Mart, UST Permit #12458

Monitoring Well TOC

GW 

Depth 

(ft)

GW 

Elevation 

(ft)

FP (ft) B T E X Naphth MTBE TAA TBA

MW-26

screen 10-20' NA

Nov 21-23, 2016 9.30 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-27

screen 11-21' NA

Nov 21-23, 2016 11.75 NA 1700 1500 200 1100 100 42 240 <400

MW-28

screen 10-20' NA

Nov 21-23, 2016 11.12 NA <5 <5 <5 <5 <5 <5 <100 <100

MW-30

screen 10-20' NA

Nov 21-23, 2016 10.01 NA 1.82

DMW-1

screen 73-78' 94.71

Nov 21-23, 2016 4.54 90.17 <5 <5 <5 <5 <5 <5 <100 <100

DMW-2

screen 75-80' NA

Nov 21-23, 2016 9.52 NA <5 29 <5 <5 <5 <5 <100 <100

DMW-3

screen 107-112' NA

Nov 21-23, 2016 13.36 NA <5 <5 <5 <5 <5 <5 <100 <100

KMO-17

screen 5-15' 87.79

Nov 21-23, 2016 9.43 78.36 <5 <5 23 14 13 <5 <100 <100

KMO-18

screen 5-15' 85.93

Nov 21-23, 2016 7.69 78.24 <5 <5 <5 <5 <5 <5 <100 <100

Notes:

All analytical results are in micrograms per liter (µg/L).

November 2016 data was collected by a previous consultant and was obtained from the Appendix file.

Groundwater elevations for wells containing FP are calculated as follows: TOC - [DTW + (FP thickness x 0.75)]

Screened intervals and TOC taken from SC DHEC appendix files.

NA = not applicable, TOC not provided

NS = not sampled

J = estimated value

ft = feet below ground surface






































































































































